FIELD EMISSION DISPLAY DEVICE HAVING 
CARBON NANOTUBE EMITTER 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a field emission display (FED), and more 
particularly, to a field emission display having a field emission source formed of carbon 
nanotube. 

2. Description of the Related Art 

Recently, the use of carbonaceous materials as a field emission source of a field 
emission display (FED) has been actively developed. In particular, among the 
carbonaceous materials, carbon nanotube has been expected as an ideal field emission 
source because it has an extremely fine edge having a radius of about 100a, enabling 
the emission of electrons even under a voltage of 10-50V. 

In general, a diode FED employing carbon nanotube as the field emission 
source (hereinafter, referred to as "carbon nanotube emitter") includes cathode 
electrode and anode electrode respectively disposed on a pair of substrate, and carbon 
nanotube emitter and phosphor layer respectively disposed on the cathode electrode 
and the anode electrode. 

The diode FED as described above has, however, disadvantages because it is 
difficult to apply high voltage needed to accelerate electrons to the anode electrode, so 
the brightness of a screen is not sufficient. Also, it is difficult to precisely control an 
emission current of the carbon nanotube emitter, so it is hard to display multi-gradation 



images. 

A conventional triode FED further includes gate electrode to control the field 
emission of the carbon nanotube emitter. The triode FED has, however, disadvantages 
because the cathode and gate electrodes are easily short-circuited via the carbon 
5 nanotube emitter when depositing the carbon nanotube materials on the cathode 
electrode. 

Further, the above-mentioned diode and triode FEDs have a problem, because 
the electrons emitted from the carbon nanotube emitter diverge and activate other 
phosphor pixels as well as corresponding phosphor pixel. 

S SUMMARY OF THE INVENTION 

M It is an objective of the present invention to provide a field emission display 

K device capable of operating under a low driving voltage and converging electrons 

* toward corresponding phosphor pixel. 

It is another objective of the present invention to provide a field emission display 

l| device that has an advantage in realizing a large-sized display and simplifying the 
manufacturing procedure thereof. 

To achieve the above objectives, the present invention provides a field emission 
display device including a substrate, an anode electrode formed on the substrate, an 
insulation layer disposed on the substrate covering the anode electrode except a pixel 

20 area to be formed on the anode electrode, a phosphor layer disposed on the pixel area 
to be in contact with the anode electrode, a cathode electrode formed on the insulation 
layer between the phosphor layers, and a carbon nanotube emitter disposed on the 
cathode electrode for emitting electrons toward at least one of the phosphor layers. 
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Preferably, the anode electrode and the cathode electrode have a structure of 
plural line patterns and intersect each other at right angles. 

Preferably, the carbon nanotube emitter corresponding each phosphor layer is 
arranged at the same intervals as the phosphor layers covering at least one edge of the 
5 cathode electrode. 

Alternatively, the carbon nanotube emitter is disposed in a line pattern covering 

at least one edge of the cathode electrode. 

Further, the present invention provides a field emission display device including 

a substrate, an anode electrode formed on the substrate, an insulation layer disposed 
Ctf on the anode electrode except a pixel area to be formed on the anode electrode, a gate 
# electrode disposed within the insulation layer except the pixel area, a phosphor layer 
| disposed on the pixel area to be in contact with the anode electrode, a cathode 
ii electrodes formed on the insulation layer between the phosphor layers, and a carbon 
U nanotube emitter disposed on the cathode covering at least one edge of the cathode 
II electrode for emitting electrons. 

O Preferably, the field emission display device of the present invention further 

includes a front substrate which is coupled with the substrate by a sealant. The space 
formed between the two substrates is kept as vacuum. Further, the front substrate has 
a transparent electrode to reduce the divergence of the electrons emitted from the 

20 carbon nanotube emitter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of 
the specification, illustrate an embodiment of the invention, and, together with the 
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description, serve to explain the principles of the invention. 

FIG. 1 is a perspective view of a field emission display according to a first 
embodiment of the present invention. 

FIG. 2 is a sectional view taken along line A-A of FIG. 1 . 

FIG. 3 is a perspective view of a field emission display according to a second 
embodiment of the present invention. 

FIG. 4 is a perspective view of a field emission display according to a third 
embodiment of the present invention. 

FIG. 5 is a perspective view of a field emission display according to a fourth 
embodiment of the present invention. 

FIG. 6 is a sectional view taken along line B-B of FIG. 4 and line B'-B' of FIG. 5. 

FIG. 7 is a plane view of a field emission display according to a fifth embodiment 
of the present invention. 

FIG. 8 is a sectional view taken along line C-C of FIG. 7. 

FIG. 9 is a sectional view of a field emission display having a front substrate 
according to the present invention. 

FIG. 10 is a sectional view of a field emission display according to another 
embodiment of FIG. 9. 

DETAILED DES CRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described in detail with 
reference to the accompanying drawings. 

FIG. 1 is a perspective view of a field emission display (FED) according to a first 



embodiment of the present invention, and FIG. 2 is a sectional view taken along line A- 
A of FIG. 1. 

As shown in FIGs 1 and 2, the FED includes a substrate 2, an anode electrode 4 
formed on the substrate 2, an insulation layer 8 disposed on the substrate 2 covering 
5 the anode electrode 4 except the pixel area to be formed on the anode electrode 4, a 
phosphor layer 6 disposed on the pixel area to be in contact with the anode electrode 4, 
a cathode electrode 10 formed on the insulation layer 8 between the phosphor layers 6, 
and a carbon nanotube emitter 12 disposed on the cathode electrode 10 covering the 
right edge of cathode electrode 10 for emitting electrons toward the phosphor layer 6 
ftf laid on the right. 

%Q The anode electrode 4 is structured to have a plurality of line patterns in a x- 

|1 direction of the drawing. The phosphor layer 6 consists of red R, green G and blue B 
2 Phosphor layers, and the shape of each phosphor layer is not limited to the square 
[\ shape as shown in FIG. 1 . 

|I The cathode electrode 10 is insulated from the anode electrode 4 by the 

P insulation layer 8, and structured to have a plurality of line patterns in a y-direction of the 
drawing to intersect with the anode electrode 4 at right angles. The carbon nanotube 
emitter 12 corresponding to each phosphor layer 6 is arranged at the same intervals as 
the phosphor layer 6 covering the right edge of the cathode electrode 10. 
20 For example, the anode electrode 4 is formed by thin-filming process (sputtering 

or chemical vacuum deposition, etc.), preferably having a thickness of about 3000 A . A 
width and an interval of each anode electrode 4 is about 200 m and 120^m, respectively. 
The insulation layer 8 is formed of glass paste, preferably to a thickness of about 
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10— 40pm. Each phosphor layer 6 may have a size of 200x200jam. The cathode 
electrode 10 is formed by a screen-printing method, preferably to a thickness of about 
1 0— 20pm . Alternatively, it can be formed by thin-filming process, preferably to a 
thickness of about 3000 a. A width of the cathode electrode 10 is about 150pjn, and a 
5 width of the carbon nanotube emitter 12 is about 50pm. 

In particular, the carbon nanotube emitter 12 has edge 13 facing the 
corresponding phosphor layer 6, wherein the local electric field around the carbon 
nanotube emitter 12 is concentrated at the edge 13 when driving voltage is applied to 
the anode electrode 4 and the cathode electrode 10, respectively. 
|||) In the above structure, for example, when scan voltage of -80 V and data 

# voltage of +80 V are applied to the cathode electrode 10 and the anode electrode 4, 

W respectively, electric field is generated around the carbon nanotube emitter 12 that is 

fii. 

J located at the intersection of the cathode and anode electrodes 10 and 4. The carbon 
1^ nanotube emitter 12 emits electrons at its edge 13 when sufficient electric field is 
|I formed. The electrons pass in a horizontal direction toward the corresponding phosphor 
ill layer 6, thereby exciting the phosphor layer 6 and turning the pixel on. 

Further, when 0V is applied to at least one of the cathode electrode 10 and the 
anode electrode 4, the carbon nanotube emitter 12 that is located at the intersection of 
the cathode and anode electrodes 10 and 4 does not emit electrons, thereby turning the 
20 pixel off. 

As mentioned above, the present embodiment provides all the components 
required for driving pixels, that is, the anode electrode 4, the cathode electrode 10, the 
carbon nanotube emitter 12 and the phosphor layer 6 on the same substrate, thereby 
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simplifying the manufacturing procedure of the FED. 

Moreover, this embodiment can reduce the driving voltage due to an 
approximation between the anode electrode 4 and the cathode electrode 1 0, and the 
edge 13 of the carbon nanotube emitter 12. The approximation between the carbon 
nanotube emitter 12 and the phosphor layer 6 produce so-called "approximaty 
focusing", thereby improving the focus of the electrons by decreasing the divergence of 
the electrons. 

FIG. 3 is a perspective view of a FED according to a second embodiment of the 
present invention. In this embodiment, the carbon nanotube emitter 12 is laid on the 
right edge of the cathode electrode 10 in a line pattern along the y-direction of the 
drawing. The edge of the carbon nanotube emitter 12 faces the phosphor layer 6 that is 
positioned in parallel with the cathode electrode 10. 

FIGs. 4 and 5 are perspective views of each FED according to a third and a 
fourth embodiment of the present invention. The carbon nanotube emitter 12 covers 
both ends of cathode electrode 10. A pair of phosphor layers 6 and 6' at both sides of 
the cathode electrode 10 correspond to the carbon nanotube emitter 12. 

In the third embodiment, the carbon nanotube emitter 12 is formed on the 
cathode electrode 10 with an interval therebetween corresponding to the phosphor 
layers 6 as shown in FIG. 4. In the fourth embodiment, the carbon nanotube emitter 12 
is arranged in a line pattern along the line pattern of the cathode electrode 10 as shown 
in FIG. 5. 

According to the third and fourth embodiments, electrons from each edges 13 of 
the carbon nanotube emitter 12 respectively activates each phosphor layer 6 and 6 J that 
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is positioned at left and right sides of the cathode electrodes 10 as shown in FIG. 6. 

In the above structure, for example, when scan voltage of -80 V and data 
voltage of +80 V are applied to the cathode and anode electrodes 10 and 4, 
respectively, the carbon nanotube emitter 12 that is located at the intersection of the 
5 cathode and anode electrodes 10 and 4, emit electrons from their two edges 13 toward 
the corresponding phosphor layers 6 and 6' thereby exciting the pair of phosphor layers 
6 and 6' at the same time. 

FIG. 7 is a plane view of a FED according to a fifth embodiment of the present 
invention, and FIG. 8 is a sectional view taken along line C-C of FIG. 7. In this 
iff) embodiment, the FED further includes gate electrode 14 between the anode electrode 4 
yj and the cathode electrode 10. 

5- The anode electrode 4 is disposed on the whole surface of the substrate 2, and 

the insulation layer 8 with a predetermined thickness covers the anode electrode 4. A 
y ; plurality of gate electrodes 14 is arranged in a line pattern along the x-direction of the 
jl drawing within the insulation layer 8, and a plurality of cathode electrodes 10 is 
O arranged in a line pattern along the y-direction of the drawing on the insulation layer 8. 

Thus, the gate electrode 14 and the cathode electrode 10 intersect at a right angle while 

being insulated by the insulation layer 8. 

Further, a plurality of holes 16 perforating the insulation layer 8 and the gate 
20 electrode 13 is provided at predetermined intervals, and the phosphor layers 6 are 

disposed inside the holes 16 on the surface of the anode electrode 4. 

The carbon nanotube emitter 12 is disposed covering at least one edge of the 

cathode electrode 10 at predetermined intervals, and their own edges 13 face the 
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corresponding phosphor layer 6. Otherwise, the carbon nanotube emitter 12 may be 
formed in a line pattern covering at least one edge of the cathode electrode 10. 

In the above structure, for example, when scan voltage of -80 V and data 
voltage of +80 V are applied to the cathode electrode 10 and the gate electrode 14, 
respectively, the carbon nanotube emitter 12 that is located at the intersection of the 
cathode and gate electrodes 10 and 14 emit electrons toward the corresponding 
phosphor layer 6. At this time, an anode voltage of 1~5kV is applied to the anode 
electrode 4, thereby accelerating the electrons toward the phosphor layer 6 and 
reducing the divergence of the electrons. Besides, when 0V is applied to at least one of 
the cathode electrode 10 and the gate electrode 14, the pixels that are located at the 
intersection of the two electrodes are turned off. 

While, the FEDs according to the embodiments of the present invention include 
a transparent front substrate 18 sealed with the substrate 2 at a peripheral portion by a 
sealant 20 as shown in FIG. 9. A space between the substrate 2 and the front substrate 
18 is kept as vacuum. Preferably, the front substrate 18 has a transparent electrode 22 
on the inner surface thereof as shown in FIG. 10. 

For example, when a suitable voltage between -80-0V is applied to the 
transparent electrode 22, the minus potential of the transparent electrode 22 controls 
the path of the electrons emitted from the carbon nanotube emitter 12 so as to pass the 
electrons toward the corresponding phosphor layer 6, without diverging toward the front 
substrate 18. 

As the space between the substrate 2 and the front substrate 18 has no 
influence on the operation, spacers (not shown) between the two substrates 2 and 18 
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are not essential in the present invention. In cases, only a limited number of spacers 
are required to endure the atmospheric pressure. 
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